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AN ECOLOGIC STUDY OF POLIOMYELITIS IN
CONNECTICUT, 1931-1941*
HERBERT A. WENNER
This is a study on the ecology of poliomyelitis in the State of
Connecticut. It has been undertaken to see what the experience
with this disease has been in this state, with particular reference to
certain local epidemiologic features, such as (a) its geographic, sea-
sonal, and age distribution, and (b) a comparison of the findings
with those of typhoid fever.
In particular, the effort has been made to compare the rural
prevalence of poliomyelitis with its urban presence in this state.
This has been done because some observers in the past, Wickman"2
among the first of them, noted that epidemics of poliomyelitis were
likelytobe more severein sparsely settled communities. Lavender,
Freeman, and Frost7 stated that "the proportionately greater rural
prevalence has in fact been so constant as to be unmistakably due
not to mere chance but to some fundamental law."
Others',3 have pointed out that the disease is more widely
prevalent, and more severe, during epidemic times in suburbs or
outskirts of cities than in the densely populated city precincts.
Muller8 and Jonsson,4 on the other hand, could not detect any sig-
nificant difference in the attack rates in the cities and in the sur-
rounding countrydistricts which they studied.
As to endemic poliomyelitis in rural and urban areas, only a
few studies are on record, which suggest that the endemic disease
attacks rural areas more severely than urban ones, although Godfrey2
studied the distribution of cases and deaths of poliomyelitis (1915-
1924) and observed that communities with less than 5,000 popula-
tion had high attack rates compared with more densely populated
areas.
We have also been concerned in this report with the question as
to whether there are any particular areas in which the disease is
more common than elsewhere, being guided somewhat by the fact
* From the Department of Pediatrics, and the Section of Preventive Medicine,
Yale University School of Medicine. Aided by a grant from the National Founda,_
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that some observers, notably Kling' in Sweden, have felt that out-
breaks of poliomyelitis are more common along rivers (thelorie
hydrique), and because during the years 1939 and 1940 there were
some indications that such was the case in the Naugatuck Valley in
Connecticut."1
The comparison with typhoid fever has been made because
typhoid fever is a summer and autumn disease also, and one in
which environment, particularly certain types of rural environment,
has been thought to influence its general mode of spread.
Material and methods
General considerations. The State of Connecticut lies between the 41st
and 42nd parallels of latitude, and the 70th and 72nd meridians of longitude.
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FIG. 1. The distribution of inland lakes and waterways, and the location of state forests in
the State of Connecticut.
Its position in the northeastern section of this country is in the center of an
area (viz., the New England States, New York State, and New Jersey)
where the attack rate for poliomyelitis, as computed in the period 1915-1929,
was the highest in the country.' Its climate differs but little from that of the
adjacent states of Massachusetts, Rhode Island, and Southern New York.5
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The normal annual rainfall ranges from 40 to 45 inches, and the average
temperature varies from 460 to 510 F.
Rural and industrial areas. Figure 1 illustrates the distribution of inland
lakes and waterways, as well as the allocation of state forests in Connecticut.
The distribution of the industrial, semi-industrial, and rural areas within
the State of Connecticutl appear on the map in Fig. 2.
The population at risk. The population of Connecticut in 1940 was
1,709,242 (United States Bureau of the Census). It showed a 6 per cent
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FIG. 2. The distribution of industrial and agricultural areas wi.thin the State of Connecticut.
The degree of urbanization has been based on the Descripti,ons of Towns, Cities, and Boroughs,
listed in the Connecticut State Register and Manual for 1939.
increase between 1930 and 1940. During this period there was a redistribu-
tion of persons in the population at risk, in th-at there were 18 per cent fewer
persons in the age groups under 14 years of age in 1940. The mean
percentile distribution (1930-1940) of the population at risk appears later
in this paper in Fig. 11. It represents a rough estimate of the population in
1935.
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The population map. A population map appears in Fig. 3, outlining the
cities and townships of Connecticut. The size of each district is proportioned
so as to represent the size of its populace in respect to the population at risk.*
MAP OF CONNECTrCUT
WITH TOWN AREAS REPRESENTING POPULATION
FIG. 3. A population map of Connecticut, as of the year 1935.
The function of this map is to illustrate whether diseases in question are
distributed evenly or unevenly throughout the various sparsely and densely
populated parts of the state.
Data on poliomyelitis and typhoid fever. The statistics on poliomyelitis
and typhoid fever have been obtained from the records of the Connecticut
State Department of Health.t Those that were available from this source
represent the reported prevalence of these diseases during the last 30 years.
* Appreciation is expressed to the Division of Cancer Research, State Depart-
ment of Health, Hartford, Connecticut, for the use of these maps.
t We are indebted to Dr. Millard Knowlton, and to Dr. Eugene E. Lamoureaux,
of the Bureau of Preventable Diseases, Department of Health, State of Connecticut,
for the statistics on poliomyelitis and typhoid fever, which form the basis of this
paper.
We are also indebted to Dr. J. H. Watkins of the Department of Public Health,
Yale University School of Medicine, for valued assistance with regard to statistical
aspects of this paper.
710POLIOMYELITIS IN CONNECTICUT) 1931-1941
In the present study, our interest has been concerned chiefly with the eleven-
year period 1931 through 1941. During this period there were reported
1,953 cases of poliomyelitis, and 730 cases of typhoid fever.
Attack rates. In estimating the mean attack rates in various cities, town-
ships, and districts, the population figures used represent the average of those
obtained in the 1930 and 1940 censuses. Estimates of attack rates for
townships with less than' 3,000 people were not made. However, adjacent
rural townships with less than
3,000 persons were grouped
together to form districts of _ o rw
this size or larger. The mean , POUOMWELIflI
attack rate for poliomyelitis in
the general population of the
period was 1.2, and for
typhoid fever 0.4 per thousand
persons.
Incidence of poliomyelitis. .
The annual attack rate for V
poliomyelitis varied from 0.08 - .
per thousand in 1934, to 0.7u
per thousand persons in 1931.
During the period studied z
there were two years which
can be called epidemic years;
namely, 1931 with a total of
1,136 cases, and 1935 with a
total of 402 reported cases t ° 'ov ; 7\ N.
(see Fig. 4). Other years MI
may be regarded as inter- t'
epidemic years. During these FIG. 4. A comparison of the reported cases of epidemi years Durin these poliomyelitis and typhoid fever in the State of Con-
nine (other) years there were necticut, annuaally from 1910 to w1941.
419 cases.
Criteria of diagnosis. The criteria for the diagnosis of poliomyelitis prob-
ably changed during the period of study. We believe that abortive cases
were diagnosed with a greater relative frequency during the later years,
although we have no accurate information and no means of controlling this
variable.
Results
Prevalence of poliomyelitis and typhoid fever in Connecticut.
Figure 4 illustrates (a) the progressive dedine in the number of
cases of typhoid fever reported in Connecticut during the past 30
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years, or at least up to 1930, and (b) the constant endemicity, and
periodic epidemicity of poliomyelitis during these same 30 years.
Geographical distribution of poliomyelitis. Figure 5 illustrates
the geographic attack rates of poliomyelitis for the total eleven-year
period, 1931 through 1941. The distribution is irregular. The
highest attack rate occurred in 6 rural townships situated in the
CONN3C?ICU? e~~~~~~~~~~cnffci_
FIG. 5. Geographic attack rates of poliomyelitis in Connecticut by cities, townships, or groups
of townships from 1931 to 1941, inclusive.
northwestern corner of Connecticut. Of 82 rural townships, 5 had
an attack rate greater than 5.0 per thousand persons, and 16 had an
attack rate greater than 2.01 per thousand. There were 18 rural
townships, each of which had an attack rate between 0.01 and 1.0
per thousand, and in 24 rural communities there was no recorded
poliomyelitis during this period. The remaining 24 townships
represent areas in which the attack rate approached the mean for
the population at risk (i.e., between 1.01 and 2.0 per thousand
population).
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The highest attack rate in any one of the urban areas was 2.83
per thousand persons (East Haven). Of 13 urban communities 2
had an attack rate of over 2.01 per thousand, 6 had an attack rate
between 1.01 and 2.0 per thousand, and 5 had an attack rate between
0.51 and 1.0 per thousand persons.
Reference to Fig. 5 indicates that a number of rural areas pro-
viding high attack rates have been neutralized in the combining of
FIG. 6. The distribution of all reported cases of poliomyelitis in Connecticut from 1931 to
1942, inclusive, as illustrated by the population map.
populations to provide a more reliable estimate of the attack rate.
Nevertheless, it is in rural communities in Connecticut that the attack
rate of poliomyelitis has been highest.
Distribution of poliomyelitis as shown by the population map.
The distribution of the total number of poliomyelitis cases (1931-
1941) is shown on the population map in Fig. 6. The distribution
also is irregular. An apparent band of cases has a point of begin-
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ning in rural townships situated in the northwest corner of the state,
and continues southeast through the city of Waterbury. In certain
rural areas the distribution of cases is greater than is the average con-
centration in rural and urban communities elsewhere in the state.
In the remaining rural sections the distribution of cases is almost
always equal to, and frequently greater than, the concentration in
most of the cities. Of the cities, 'Waterbury has a concentration of
CONNECTICUt
FIG. 7. The geographic attack rates of typhoid fever in Connecticut, 1931 to 1941, inclusive.
The legends are the same as in Fig. 5.
cases greater than any other of the cities in the state. Hartford,
has a concentration of cases somewhat less than Waterbury, and
equal to New Haven, but greater than Bridgeport. Smaller urban
communities in the eastern half of the state have fewer cases than
most comparalble cities in the western counties (with the exception
of Torrington). In a number of districts surrounding the cities of
Waterbury and New Haven the concentration of cases is greater
than in the cities themselves. By comparing the population map
L J
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containing the concentrations of poliomyelitis cases (Fig. 6), par-
ticularly the rural ones, with Fig. 5 their geographical location in
the state can be determined more exactly.
The rural and urban distribution of poliomyelitis cases in the
two epidemics (1931 and 1935), and during the 9 inter-epidemic
years has been studied also on population maps, although charts are
not shown. In 1931, the distribution of cases, especially in rural
FIG. 8. The distribution of all reported cases of typhoid fever in Connecticut from :1931 to
1941, inclusive, as illustrated by the population map. Each dot represents a reported case.
areas was verysimilar to those charted, in Fig. 5, for the total period,
i.e., 1931-1941. Three cities were affected in particular in 1931;
Viz., Hartford, New Haven, and Waterbury. In 1935 the disease
involved two urban areas; viz., Waterbury and Bridgeport, but in
general many rural townships were affected as badly as, and occa-
sionally worse than, most urban communities. In the inter-epidemic
years the cases were distributed evenly throughout the state.
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Geographical distribution of typhoid fever: Figure 7 illustrates
the geographical attack rates of typhoid fever in Connecticut for the
period 1931 through 1941. In general, the rates are higher in the
southern half of the state, particularly in the coastal townships and
cities. Otherwise, the remaining townships with higher rates are
scattered, and nearly all are rural in type.
Distribution of typhoid fever as shown by the population map.
The distribution of the total number of typhoid fever cases, charted
in Fig. 8, again illustrates that a somewhat larger number of cases
occurred in the southern half of the state. In general the cases are
distributed fairly evenly, however, with the exception of the cities
of Torrington, Hartford, and New Britain, where the rates were
very low. In the northern half of the state typhoid fever is more
distinctly a rural disease.
Rural andurban incidence ofpoliomyelitis. Reference to Fig. 2
will illustrate the location of rural, rural and industrial, semi-indus-
trial, and urban areas in Connecticut. The attack rate for the popu-
lation at riskin each of these areas was computed for the eleven-year
period, 1931 to 1941, and is recorded in Table 1.
TABLE 1
Total Epidemic Inter-epidemic
Population attack attack attack
Community (1935) rate (a) rate (b) rate (c)
Rural 179,325 .1.20 0.90 0.30
Rural and
industrial 496,169 0.98 0.76 0.26
Semi-industrial 159,056 1.10 0.80 0.30
Urban 824,223 1.27 1.07 0.20
(a) per thousand population, on the basis of 11 years; (b) on the basis of 2
years; (c) on the basis of 9 years.
Attack rates in each of these arbitrary subdivisions of Connecticut
communities were about equal. There was a slightly, but not sig-
nificantly, greater rate in urban than in rural communities during
epidemics ofpoliomyelitis. Conversely, there was a slightly greater
rate in rural than in urban sections in the inter-epidemic years.
The data in Table 1 do not really illustrate a point which has
been apparent to clinical observers of the epidemiology of poliomye-
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litis,-namely, the severity of certain rural epidemics. This is not
apparent in this table because if one covers the whole state, as was
done in this survey, those sections of the state in which the attack
rates (for an eleven-year period) are zero, serve to neutralize the
attack rates in affected rural areas. It is difficult to express this fact
satisfactorily, and so the attempt has not been made, except to point
out again that high attack
rates prevailed in a num-
ber of rural areas (see
Fig. 5). In some of these ASvONALmwaTON T
areas the attack rate was POLIONnUT S j
N
always greater than in
urban communities. Al-
though certain urban areas
were attacked by poliomy-
elitis each year, and with ol
a fairly constant rate, de- 2l
pending upon whether the ,,250
disease was epidermiic (0.51 °
to 2.0 per thousand), or -200l
endemic (0.1 to 0.50 per l
thousand), a larger num-
ber of rural townships ISO
(1/3 of them in epidemic;
1/2 of them in inter-epi- too
demic years) did not have
poliomyelitis at all during 50 /
the eleven-year period of
study.
Season4l incidence of JANR AR tPiMJUEJLY AM SET OC_T NOV DEC
poliomyeliti and typhoid FIG. 9. The seasonal prevalence of poliGmyelitis polsomyiaT atyphoidin Connecticut, 1931 to 1941, inclusive.
fever. Poliomyelitis and
typhoid fever are infectious diseases which are most prevalent in
Connecticut in the summer and autumn months. Their seasonal
distribution is illustrated in Figs. 9 and 10.
During the period 1931-1941 poliomyelitis has shown certain
consistent variations from year to year. These have depended upon
whether the disease was endemic or epidemic in its prevalence. In
the epidemic years there were a greater number of cases reported in
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July, or even in June, than in the endemic years. Thereafter, there
was a speedy increase in the number of reported cases. The inci-
dence rose abruptly in August, and then somewhat more slowly in
September, giving the curve a plateau effect rather than a peak.
In endemic years the number of reported cases usually rose slightly
in August, and then reached a peak in September. In other words,
big epidemics of poliomyelitis (during the period) got under way,
and seemed to reach a peak of greatest incidence, earlier than the
disease did in endemic years. In both epidemic and endemic years
the cases dropped off proportionally during the fall months.
25 The number of cases
SEASONAL DSTRIBUTION of typhoid fever reported
OF 1931 was smaller. Typhoid
TYPHOID FEVER IN CONNECTICUT fever ( 10) evidenced
20 1931 * 1941 193S (Fig. ) a bi-seasonal prevalence
for a number of the years
/IS I \ studied. There was a rise
t.5 / p \in the number of cases in
1933 193 the spring and early sum-
z ! X\,a, \ mer, which partially sub-
,o ,/gg/Q, \ sided, and then rose again
193 A,l/ \ 1 \\Xto reach a peak usually in
September. The decline
s X .j// t W#vy . N\ of the disease incidence
was rapid after September,
JAN RAPRMJJ.YAUG . reaching a figure of less
than S cases for the total Fin,. 10. The seasonal prevalence of typhoid fever in the two in Connecticut, 1931 to 1941. inclusive. population in the last two
months of each year.
Figures 9 and 10 illustrate also that in the years 1931 and 1935
poliomyelitis and typhoid fever each had a maximum number of
cases prevalent in the same month of the respective years. As to
othier years, the seasonal prevalence of poliomyelitis and typhoid
fever vary about as much as they agree.
Relation of reported cases of poliomyelitis to inland waterways
in Connecticut. The distribution of inland lakes and larger rivers
in Connecticut has already been illustrated. An effort has been
made to relate the geographic prevalence of poliomyelitis, illustrated
in Fig. 5, to certain of these inland waterways. Four major water-
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ways have received consideration; 'vz., the Housatonic river, and
its largest tributary, the Naugatuck river, the Connecticut river, and
the Thames river.
If poliomyelitis were water-borne in its strictest sense, then,
especially during epidemic times, there should 'be an accumulation of
cases along the river at
points distant from the
areas worst affected. The INTER.EPIDEMIC YEARS
townships in which the
30 415 CASES
attack rates were among
to the highest in the state I have in them the upper TYPALEPOEMIC YEAR
reaches of the Housatonic R 335.402 CASES
river. The attack rates i 20 *`
continued to be high in lo
areas adjacent to the upper 4
Housatonic river, but AGE (ISTRIBUTION OF POLIOMYELTIS 30
TTLCSS-13 14 thereafter in communities 20 TOTAL
along its lower reaches the
2
* *AE
attack rate fell to a value '0
that approached the mean POLIOMYELITIS * ATTACK RATES
PER O40USAND ROPULATION attack rate for the state. < AVERAGE '9a'14
There was some evidence, 2 3 _ _ _
however, to suggest that o AGE NSITLITON OfPPULATION IN CONNECT
there was an accumulation z
of cases of poliomyelitis 42
along the Naugatuck river. 04 .. .. ._ 2.5.-29 3
The areas providing its AGE IN
FIG. 11. The percentage frequency of poliomyelitis
source waters had an aver- in each 5-vear age group up to 30 years of age, for
the inter-epidemic years, for a typical epidemic year, age attack rate ( 1.5 per and for the total number of cases from 1931 to 194+1,
inclusive (three upper panels). The attack rate for thousand). In Waterbury, each of these groups has been adjusted to relate to the
age characteristics of the population, presumably as of through which the river 1935 (two l-ower panels).
passes, theattack rate(total
eleven-year rate, 2.12 per thousand) was among the highest in the
state. On leaving Waterbury the river enters the Naugatuck Valley
where high attack rates (Beacon Falls, 2.32 per thousand) were
recorded also. Subsequently it joins the Housatonic river. How-
ever, in the areas at the juncture of these rivers the attack rates were
low (0.51 to 1.0 per thousand).
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As to the other two rivers, and their main tributaries, a consistent
relationship between them and the distribution of poliomyelitis cases
could not be demonstrated. In spite of some indications, therefore,
the study fails to reveal any consistent increase in the prevalence of
poliomyelitis in the regions of the 4 larger inland waterways of
Connecticut.
Age incidence of poliomyelitis. Figure 11 illustrates the per-
centage frequencies of poliomyelitis in each five-year age group in
the Connecticut population for (a) the eleven-year period (1931-
1941), (b) a typical epidemic year (1935), and (c) the nine inter-
epidemic years. The attack rate (per thousand) for each five-year
age group (second pariel), and the mean percentile population at
risk (1935) for the same age groups (first panel) are presented
graphically.
The following points are of interest; viz., the greatest number of
cases of poliomyelitis occurred in the 5- to 10-year age group for
any or all of the years studied. There were roughly 7 per cent
more cases in the 5 to 10, than in the 0- to 5-year age groups. The
age distribution in the inter-epidemic years was different from that
of a typical epidemic year (1935) in that more older children were
affected bythe disease. There were fewer persons (6 per cent) in the
0- to 5-year age group, and more (6 per cent) in the 10- to 15-year
age group attacked during the inter-epidemic years than in a typical
epidemic year. And finally, adjusting the number of cases in each
age group to the number of people in each, the attack rate was the
same during the.eleven-year period for both the 0 to 5, and 5- to
10-year age groups (i.e., 5.2 per thousand).
Comparison of the findings for poliomyelitis and typhoid fever.
In this comparison of certain environmental aspects between polio-
myelitis and typhoid fever, the following points are of interest: (1)
There is a fundamental difference in the progressive decline in the
incidence of typhoid fever, and the constant, and periodically epi-
demic incidence of poliomyelitis. (2) Communities providing high
attack rates for each disease were rural or semi-rural, although these
areas did not coincide in their geographical location, except in one
instance, namely, in several northwest townships. (3) In the years
(1931 and 1935) when poliomyelitis was epidemic in Connecticut,
there was twice as much typhoid fever as usual (Fig. 10). (4)
Both are diseases essentially of summer and fall. Although the
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actual curves of incidence are quite different, the number of reported
cases of poliomyelitis andtyphoid fever is greater in the three-month
period August to November than at any other time of the year. In
general, and although the evidence is casual, it would seem that the
entire epidemiology of poliomyelitis is not to be explained in the
light of our knowledge of the epidemiology of typhoid fever.
Summary
1. The ecology of poliomyelitis in Connecticut has been studied
with reference to its geographic, seasonal, and age distribution for
the period 1931 to 1941, inclusive. The geographic and seasonal
distribution has been compared with typhoid fever.
2. The distribution of poliomyelitis in Connecticut was quite
irregular. Although the attack rate in urban and rural areas was
the same for the total population, it is in certain rural areas in the
state that the attack rate has been higher than elsewhere.
3. The relation of poliomyelitis to inland waterways in the state
could not 'be demonstrated. Our study failed to reveal any con-
sistent increase in the prevalence of poliomyelitis in the areas
traversed by 4 large rivers in Connecticut.
4. There is no evidence which can be supported by our data to
show that poliomyelitis and typhoid fever are spread through com-
mon epidemiologic pathways.
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